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ABSTRACT: People often use food to represent and communicate their role in society, or political or ideological 
beliefs. Food consumption is thus laden with meaning beyond health or nutrition. Multiple audience studies 
examining perceptions about food/technologies/health have shown that scientific illiteracy and confusion are key 
to decision making about food.  
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1. INTRODUCTION 
People use food choices to represent and communicate who they are as individuals (Sadalla & 
Burroughs, 1981), their roles in society, or to express their political or ideological beliefs. 
Feasting, fasting, ritual preparation, and taboos or restrictions regarding the touching or eating 
of certain foods play crucial roles in religious and cultural practices and identities (Bynum, 
1985; Douglas, 1966; Douglas, 1972; Fiddes, 1994; Levi-Strauss, 1966; Levi-Strauss, 1970). 
Giving or sharing food with others is considered crucial to creating and maintaining bonds 
between people (Miller, Rozin, & Fiske, 1998).  
 In studies examining consumer perceptions of new food technologies, perceived costs 
and benefits (Frewer, Scholderer, & Lambert, 2003; Ronteltap, van Trijp, Renes, & Frewer, 
2007), the technology used (Lahteenmaki, Lyly, & Urala, 2007), the manufacturing process 
involved (Caporale & Monteleone, 2004), and issues of morality, democracy, and uncertainty 
(Brown & Ping, 2003; Hallman, Adelaja, Schilling, & Lang, 2002; Siegrist, 2000) have all 
been shown to be major factors in determining consumer acceptance. Critically, however, the 
public perception of new food technologies is often exacerbated by the mental models 
consumers have about the new technology. For example, the lack of consumer acceptance of 
food irradiation technology is often blamed, in part, on the public’s inability to separate the 
concept of irradiation from that of radiation. The negative affective responses many have 
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towards radiation, and specifically towards the thought of food potentially contaminated by 
radiation, led many consumers to reject the idea of irradiated foods (Resurreccion, Galvez, 
Fletcher, & Misra, 1995). Similarly, although the use of carbon monoxide in modified 
atmosphere meat and seafood packaging is recognized as safe by the FDA, many consumers 
perceived it as an unacceptable practice not only as it might mask food spoilage (Boyle, 2006; 
Weiss, 2006) but because of the knowledge that carbon monoxide is a poisonous and deadly 
gas (Health Sciences Institute, 2012).  
2. THE PUBLIC AND FOOD: KNOWLEDGE AND PERCEPTIONS 
In a series of audience studies over the last fifteen years, we have examined public perceptions 
of a variety of food-related issues, including genetic modification (GM), animal cloning, food 
safety, health-related food claims and nanotechnology. In 2004, when presented with stories 
about GM food taken from the media, the majority of those questioned found every story to be 
somewhat believable. This included two stories relating false information that had been 
circulated by the media and the Internet: that people had allergic reactions to GM foods, and 
that a large fast-food chain was selling chicken products “so altered by genetic modification 
that they can’t be called ‘chicken’ anymore” (Hallman, Hebden, Cuite, Aquino, & Lang, 2004, 
p. 6).  
 When asked what ideas or concepts came to mind when they heard the terms genetic 
modification, genetic engineering or biotechnology, the term genetic modification yielded 
images of Frankenstein, test-tube babies, mutants or monsters. Genetic engineering evoked 
references to sheep, lambs or names that rhymed with Dolly, the first cloned sheep (e.g., Polly, 
Molly, Golly). Biotechnology was associated with new medicines, new foods, the future or 
progress. Of all the terms, biotechnology was linked most to science terms, such as test-tubes, 
laboratories, DNA or chemicals (Hallman, Adelaja, Schilling, & Lang, 2002).  
 When opinion leaders were asked about their understanding of animal cloning, many 
were unable to distinguish between cloning and genetic modification. Initial responses focused 
more on whether they (or others) thought it was a good or bad idea rather than describing what 
cloning is and how it is accomplished. In spite of the lack of knowledge about the science, they 
were more interested in questions such as who is doing cloning, what are the goals, what is the 
current status of the research, are the cloned animals normal, who is regulating the technology 
and is the technology safe, and not on the science behind animal cloning (Hallman & Condry, 
2006).  
 In 2010 a series of interviews assessed consumers’ perceptions and 
acceptance/rejection of nanotechnology, endeavoring to mimic the path towards decision 
making about an unknown field: exposure to the subject, information gain about the subject, 
and access to the subject (through descriptions of hypothetical nanotechnology-enabled food 
products). Consistent with previous studies of consumer’s knowledge of nanotechnology 
(Cobb & Macoubrie, 2004; Gaskell, Ten Eyck, Jackson, & Veltri, 2005; Lee, Scheufele, & 
Lewenstein, 2005; Macoubrie, 2005; Vandermoere, Blanchemanche, Bieberstein, Marette, & 
Roosen, 2009) we found that very few of the participants reported knowing anything about 
nanotechnology prior to reading the NNI brochure, noting comments such as they “honestly 
can’t think of anything,” “don’t know technology,” “it doesn’t ring a bell,” “I’ve heard of it but 
I really don’t know anything. I’m sure someone will go ‘nano nano,’” or “this would be 
something I couldn’t figure out and understand. I’m not technologically savvy.” 
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 When asked what came to mind when they heard the word ‘nanotechnology,’ 
participants mentioned technologies such as computers, IPods, chips, junk drives, or lasers; 
medical therapies such as miniature cameras for in vitro examination and monitoring or 
repairing human cells, and popular culture, including Mork and Mindy (“nanu nanu”: the 
character Mork used the phrase nanu nanu to say hello), James Bond, and Stargate. Only three 
participants linked nanotechnology to food and food preparation. One participant felt that 
nanotechnology was used for “Instant fractions of a second, computer-generated devices to 
help make decisions about food quality or food analysis,” while another commented that it had 
something to do with food composition. Referencing their mention of Mork and Mindy, the 
third participant commented that “I think of a planet like ours with fields of vegetables really, 
and—something flat like a satellite flying over and just, like, getting images of these elements 
that, whatever, vegetables or what have you.” Notably, later in the interview, two of the three 
participants acknowledged that they mentioned food in reference to their description of 
nanotechnology because they were influenced by the flyer used to recruit participants that 
specifically mentioned that the study concerned food and new food technologies.  
 Many knew that the term nanotechnology was somehow linked to concepts of size 
(“Because I just think of something little when you say ‘nano.’ I think my kids have something 
that’s ‘nano’ and its small”; “Well, I don’t know much about it, but ‘nano’ usually means 
something small”; “The smaller it is, the better”; “Very small but intelligent”), often 
associating it with the benefits of miniaturization. Participants commented that “I guess it’s 
compressing more and more and smaller and smaller and smaller”; “it can do all the same 
stuff, but it comes in a much smaller package, like almost like a fifth of the size or less”; 
“Nanotechnology is just making things smaller”; and “Assuming I’m correct about the 
miniaturization, then I would say that it’s—you know, an evolution of an existing technology 
that has, you know, somehow become miniaturized.”  
 However, no participant was able to describe the key attributes of nanotechnology 
identified in most authoritative definitions; that is, the ability to understand and manipulate 
matter at the nanoscale, and the capability to generate and make use of the novel properties of 
materials at the molecular level.1 When asked specifically about familiar products that 
currently used nanotechnology, very few were able to provide any examples; the majority 
could not name any products. Categories of products thought to incorporate nanotechnology 
included clothing (shirts), electronic (microwaves, mp3 players, computer chips, cell phones, 
video games, hard drives, computers, iPods), medical (miniature cameras, pharmaceuticals) or 
industrial applications (robotics, carbon fiber tubes) were mentioned by several participants.  
 Participants had more difficulty when asked about the connection between 
nanotechnology and food, often struggling to come up with a linkage. Several mentioned 
processed, engineered or efficient food as an outcome of using nanotechnology, while others 
felt that the use of nanotechnology was associated with healthy foods, making foods better, 
downsizing meals, nutraceuticals, or low calorie foods. Focusing on the technology aspect, a 
                                                
1  Nanotechnology has multiple definitions, including: “Nanotechnology is the engineering of functional systems 
at the molecular scale” (Center for Responsible Nanotechnology, 2008); “Nanotechnology is the 
understanding and control of matter at dimensions between approximately 1 and 100 nanometers, where 
unique phenomena enable novel applications” (National Nanotechnology Initiative, 2011a); “Nanotechnology 
allows scientists to create, explore, and manipulate materials measured in nanometers (billionths of a meter). 
Such materials can have chemical, physical, and biological properties that differ from those of their larger 
counterparts” (Food and Drug Administration, 2010).  
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number of participants felt that nanotechnology would be connected to food through new or 
novel cooking technologies, microwaves or cooking equipment; or improvements in 
agricultural production through increased yield, hybridization of plants or animals, food 
safety/food quality monitoring, prevention of illness in animals or replacement of pesticides. 
Quick meals, futuristic foods, unhealthy/processed foods, food production, or food safety were 
each mentioned by a single participant. One participant commented: 
 I really doubt there would be too much nanotechnology in the food we actually eat. That I 
think would be pushing the boundaries a little. . . . If people don’t know what’s inside their 
food—you know, that’s technically, I think, breaking the law. 
After reviewing the NNI brochure, slightly less than half of the participants used terms about 
size (small, minimize, shrink or miniaturization), instead mentioning green concepts related to 
cleaning up the environment or nature, or concepts such as cost-effectiveness, improving 
products, greater efficiency, better solutions, better materials, higher standards, stronger, 
lighter, or safer. One participant noted that there was “not much about food” in the brochure. In 
fact, there were only three references to food/water applications of nanotechnology in the 
brochure: “Cosmetics and food producers are ‘nano-sizing’ some ingredients, claiming that 
improves their effectiveness” (National Nanotechnology Initiative, 2011b, p. 4); “which has 
been shown to neutralize bacteria, including E.coli, in water” (National Nanotechnology 
Initiative, 2011b, p. 6); and “low cost technology for cleaning arsenic from drinking water” 
(National Nanotechnology Initiative, 2011b, p. 8).  
 It was not surprising therefore, that there was no significant increase in the number of 
participants who mentioned associations between food and nanotechnology after reading. 
Following on the concepts of efficiency and cost-effectiveness concepts prevalent in the 
brochure, participants noted that nanotechnology was linked to food through time and size 
concepts such as growing food faster or easier, growing bigger fruits and vegetables, or 
increasing yield, concepts of purification, or detection or prevention of contamination. Other 
participants linked nanotechnology to food through food engineering (taste/color/quality and 
creating new foods), production of healthier food, new and improved cooking technologies and 
packaging. 
 Significantly, before reading the brochure, nearly all of the associations that 
participants mentioned with regard to nanotechnology were either positive or neutral. Only one 
individual commented in the negative, saying, "Because I don't want to think about eating 
technology. I mean, I think it should be a choice if you're going to put something in you." After 
reading the brochure, only about a third raised unprompted concerns about the potential health 
impacts of nanotechnology; primarily concerns about side effects, long-term impacts, and 
overall safety. Moreover, the percentage of unprompted statements expressing concern was 
essentially unchanged after tasting the food products. However, when prompted by specific 
questions as to whether the participant had any health, religious, ethical/moral, environmental 
or other concerns about nanotechnology and food, 84% of participants noted issues with the 
application of the technology to food products.  
 In current studies, consumers are being asked about their use and knowledge of health 
claims on food. Single-gender focus groups showed that regardless of gender,2 consumers’ 
                                                
2  This is in spite of the fact that food knowledge and food purchase are usually the responsibility of the female 
partner in a relationship. 
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determination that a series of food products (generic and brand samples of tomato sauce, nuts, 
and green tea), were healthy was as much a function of nutritional factors, as issues including 
packaging (canned foods not healthy), manufacturer (store brands not as good for you), label 
aesthetics (Asian theme connotes longevity and better health; tomatoes didn’t look healthy; 
colors clash), cost (the more expensive product was healthier), cultural linkages (“Arthur 
Godfrey drank tea,” “If Joe Torre drinks it, it has to be good.”), as was incorrect knowledge 
(green tea is a potent anti-cancer food, and for those who drank it regularly, they drank it in 
spite of disliking the taste; sea salt is better than table salt) about the food.  
 When specifically asked about qualified health claims3 consumers were often 
confused by the content of the claim. In some cases, they said would go against FDA 
recommendations if they had other evidence. Incorrect knowledge about health claims was not 
uncommon, such as assuming that canola oil was toxic as it was related to the chemical 
weapon, mustard gas4; or a lack of information about a health claim which is interpreted as the 
claim possibly being dangerous (“If I don’t know what it is, it can’t be effective. It could be 
poison.”). Concerns about the amount of information (“Personally, if there is a lot of 
information, I skip it.”) or the language used (layman’s language versus scientific terms) would 
lead consumers to avoid foods with health benefits.  
3. CONCLUSIONS 
Over the past decade our research has consistently demonstrated that a lack of familiarity—
knowledge and mis-knowledge—plays an important role in public perceptions and attitudes 
about food decision, and that the consumer may often be laboring under false knowledge or 
false constructs in decision making. For most Americans, television is the primary source of 
information for science and technology (National Science Board, 2012) as well as food and 
nutrition (American Dietetic Association, 2002; Hoban & Kendall, 1993; IFIC, 2005; Verbeke, 
2005). However, our team and others have demonstrated a lack of coverage and content in 
television information about science (Nucci, Cuite, & Hallman, 2009; Nucci & Kubey, 2007; 
Project for Excellence in Journalism, 20075).  
 Our research has pointed out that relevancy, rhetoric, linkage to false constructs 
(“irrational thinking,” Valdecasas & Correas, 2010), the need to tailor messages to specific 
audiences and a range of educational levels are all key to learning about food. Differences in 
age, education, gender (Hallman, Hebden, Aquino, Cuite, & Lang, 2003), ethnicity, religion, 
and trust in scientists, corporations and government (Hallman, Adelaja, Schilling, & Lang, 
2002; Siegrist, 1999; Siegrist, 2000) are all important factors in decision making about science. 
Whether it is the lack of knowledge or irrational knowledge, such as conflating mustard gas 
with canola oil, or “nanu nanu” with nanotechnology, heuristics related to other technologies 
                                                
3  “Health claims characterize a relationship between a substance (specific food or food component) and a 
disease or health-related condition (see 21 CFR 101.14). Both elements of 1) a substance and 2) a disease are 
present in a health claim” (Food and Drug Administration, 2011).  
4  Canola oil comes from either the rapeseed or mustard plant. Mustard gas, so-called because of its yellow color 
and an aroma like mustard, is sulfur mustard (Canola Council of Canada, 2007). See also 
http://www.snopes.com/medical/toxins/canola.asp 
5  In 2007 science stories accounted for only 1% of the total news time on the morning news television network 
shows and only 2% of news time on the evening television network news shows (Project for Excellence in 
Journalism, 2007). 
MARY L. NUCCI & WALTER K. HALLMAN 
312 
or other knowledges must be carefully considered. As in the case with food irradiation, public 
opinion can as easily be likely to be based on objective science as on negative constructs, but is 
less easily displaced when science is considered difficult or confusing.  
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